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(54) Fuel Injector 

(57) A fuel infector comprises a valve needle (14) 
engageable with a seating to comrol fuel flow from a 
delivery passage (18) to an outiet opening (20). a con- 
trol cnamder (24) communicating with the delivery pas- 
sage (18). the comrol chamber (24) being defined, in 
part by a surface associated with the vah/a needle (14) 
ohentateo such that the application of fuel under pres- 
sure to the control chamber (24) applies a force to the 
valve needle (14) urging the valve needle (14) towards 
its seating, a control valve (62) controlling the fuel pres- 
sure wftiiin the control chamber (24). and a delivery 
vatve (40, 46) responsive to the fuel pressure within the 
corttroi chamber (24) to control the flow of fuel along the 
delivery passage (18) towards the seating. 
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Oescription 

[0001 ] This invention reiates :o a i^jet in|ec:cr fcr yse 
in injecting fuei 3t high oressure to a cyiinaer cf a com- 
pression ignition internal comousticn engine. ">)e inven- 
tion relates, in particuiar, to an injector imenceo for use 
in a fuei system in whicn a comrtxjn raii or accumulator 
is enlarged with fuei by a high pressure fuei oump. a piu- 
rality of individuaily actuaoJe injecors baing connected 
to the common rati or accumuiaton 
[00021 Fuel injectors cf this type are descrioed in HP- 
A-076730A, EP-A-07984S9 and EP-A-0740068. In eacn 
of these cases, the injector indudes a vaive neeole 
wnich is spring biased imo engagement with a seating. 
The needle includes thrust surtaces orientated such 
that the application of fuel under pressure thereto 
applies a force to the needle urging the needle away 
from its seating. The injeaor further induaes a control 
chamber defined, in pan. by an end surface cf the nee- 
dle. The application of fuei under pressure to the control 
Chamber aoplies a force to the needle assisting tie 
spring. An eiectromagnetically operated vaive controis 
the fuel pressure within the control chamber. 
C0003] Such injectors have the disadvantage that, 
upon actuating the varve to terminate injection, fuel 
injection continues at a reduced rate wnilst the needle is 
moving towards its seating, and such continued injec- 
tion causes an increase in smoke emissiorrs. 
[0004] According to the present invention there is pro- 
vided a fuel injector comprising a vaive needle engage- 
able with a seating to control fuei flow from a delivery 
passage to an oudet opening, a control chamber com- 
municating with the delivery passage, the control cham- 
ber being defined, in part, by a surtace associated with 
the vatve needle orientated such that the application of 
fuel under pressure to the control chamber applies a 
force to the valve needle urging the ^/alve needle 
towards its seating, a control valve controlling the fuel 
pressure within the control chamber, ano a delivery 
valve responsive to the fuel pressure within tfie control 
chamber to control the flow of fuel along the d^ery 
passage towards the seating. 

[0005] It will be appreciated that when injection is to 
terminate the control vah/e allows the pressure within 
the control chamber to rise. As a result, the delivery 
valve closes the delivery passage thus fuel at high pres- 
sure is no longer supplied towards the seating. Also, as 
the delivery passage is dosed, the pressure within the 
control chamoer rises quicWy. 3oth of these effects 
result in rapid movement of the needle into engagement 
with its seating thus redudng low rate injection immedi- 
ately before injection terminates. 
[0006] The invention will further be described, by way 
of example, with reference to the accorrpanying draw- 
ings, in whicht 

Figure 1 is a sectional view of an injector in accord- 
ance with an embodiment of the invention; 



"sgure £ 3 an ^niarqed '/leiv ct c^: :r.e inieacr cf 
:=!gufe i' srxi 

Figure 3 s a view illustrating a rrsooification. 

5 

{0007] Tl-e fuel :niector illustrated m Figure 1 com- 
prises a nozzle cxx;y "iO ^aving a fclino oore t2 formed 
therein, an irjecicr r.eeole teing siidacie in the core 
12. The neecie i ^ maudes a frusto-conicai erxi portion 

10 16 which is engageabie with a frusto-conical seating 
provided at an erxj of the blirxj bore *2 to control fuel 
flow from a ceiivery passage 13 wnicn communicates 
with the bore 1 2 towards a plurality of small outlet open- 
ings 20 located downstream cf the seating, ft wiil be 

js aporedateo tnat the apolication cf high pressure fuel to 
the delivery massage 18. and hence to the bore 12 
results in a force ceing applied to the valve needle 14 
urging the vaive needle 14 away from its seating. 
[0008] Th e end cf the nozzle body 1 0 remote from the 

20 openings 20 engages a distance piece 22. The distance 
piece 22 is provced with an annular recess which 
defines a ccntrd or spring chamber 24 within which a 
heiicai spring 26 is located, the spring 26 engaging an 
end surtace cf the vaive needle 1 4 to cias the vaive nee- 

25 die 14 into engagement with its seating, it will be appre- 
dated that tne eno surface of the vaive needle 14 is 
exposed to the fuei pressure within the spring chamber 
24. The central pan of the distance piece 22 acts as a 
stop to limit tne permitted range of movement of the 

30 valve neeole 14. 

[0009] An axiaily extenaing blirxl drilling. 28 communi- 
cates with tne spring chamber 24 the drilling 28 commu- 
nicating Through a passage 30 of reiativeiy small 
diameter with a bore 32. The bore 32 is arranged to 

35 communicate with a drilling 34 provideo in the nozzle 
body 10 which forms part of the delivery passage 18. 
[001 0] The distance piece 22 is further provided with 
a drilling 36 which communicates with the bore 32. tfie 
driUtng 36 forming part of the delivery passage 18. 

40 Downstream of the connection of the drilling 36 wHh the 
bore 32. the bore 32 is shaped to define a step fornrwig 
an annular valve seatirtg 38. A delivery valve merrtser 
40 of frusto-oonical shape is engageable with the seat- 
ing 38 to control the flow of fuel along the delivery pas- 

45 sage 18 from the drilling 36 towards the drilling 34. As 
shown most dearly in Figure 2. the delivery valve mem- 
ber 40 is provided with a short axial drilling 42 which 
communicates with a radially extending passage 44 to 
provide a flow path permitting fuel to flow through the 

50 delivery passage 18 towards the seating at a restricted 
rate even when the delivery vaive member 40 engages 
the seating 38. 

[0011] The bore 32 further corrtains a tubular stop 
member 46 which is in screw-threaded engagement 
55 within the oore 32 and is located to limit movement of 
the valve member 40 away from the seatng 38. The 
stop member 46 is adjustable to control the permitted 
range of rrwement of the delivery valve member 40. 
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The end of ^le tuouiar siop rrerrcer -^6 acjaceni rte 
vaive member -iO is snaoed cetine a fosto-conicai 
seating 48 with wnicn the vaive memoer aO is engagea- 
oie to comroi iuei flow through the cassage ot the rjou- 
iar stop memoer 46. A by-cass cxrfice 50 is prcvtded in 
the wall of the njbuiar stoo member ^e. :r.e cy-oass cri- 
tlce 50 arjsuring that wnen :he vafve member 
engages the frusio-conical seating 48 fuei is siill permit- 
ted to enter the passage cf the tuouiar step memoer 46 
although at a restricted rate. 

[0012] The surface of the distance oiece 22 remote 
from the nozzle body 1 0 abuts a valve housing 52 which 
is provided with a through bore 54 which communicates 
with the bore 36 and forms part of the delivery passage 
18. The valve housing 52 is further crovided with a Blind 
drilling 56. an angled passage 58 communicating with 
the drilling 56, the passage 58 communicating with a 
through bore 60 within which a valve memoer 62 is slid- 
abie. The vah/e member 52 includes a region of rela- 
tively large diameter which engages a frusto-conical 
seating defined around an end of the oore 60. Upstream 
of the seating, ^le vaive merrtjer 52 is shaped so as to 
define, with the bore 60. an annular chamoer with which 
the passage 58 communicates. Downstream of the 
seating, the tsore 60 communicates with a chamber 34 
which, in use, communicates with a low pressure fuei 
reservoir. The chamber 64 also communicates through 
a passage 66 with a chamber 68 defined between the 
vahre housing 52 arx) the distance piece 22. the pres- 
ence of the chamber 68 pernrutting free movement of the 
vaive member 62 without resulting in the formation of a 
hydraulic lock. 

[001 31 The part of the vaive merroer 62 located within 
the chcmrtser 64 carries an armature 70 whicn is move- 
able under the influence of a magnetic field generated, 
in usa by an elearomagnetic actuator 72 located in a 
bore formed in a nozzle holder 74. it will be appreciated 
that, if desired, actuators of other types may be used. 
The nozzle holder 74 is also provided with an adjustable 
spring abutment member 76 against whicn a spring 78 
is seated, the spring 78 engaging an end of the vaive 
member 62 to bias the valve member 62 into engage- 
ment with Its seating. The nozzle holder 74 is further 
provided with drillings 30 which communicate with the 
bore 54 and form part of the delivery passage 1 3. an 
edge filter merrtaer 82 being located in part of one of the 
drillings 30. A cap nut 36 is in threaded engagement 
with the nozzle holder 74 and is arranged to secure the 
nozzle body 1 0. distance piece 22 and valve housing 52 
to the nozzle holder 74. 

[0014] In use. the pan of the passage 80 upstream of 
the edge fUter member 32 is connected to a source of 
fuel under high pressure, for example a common rati 
charged with fuel by a high pressure fuel pump. In the 
position illustrated, the actuator 72 is not energised, 
thus the valve member 62 is biased by means of the 
spring 78 into engagement with its seating. The soring 
chamber 24 is charged with fuel at high pressure, and 



\i& at "ten pressure is also cf esent \r tr:e oore 1 2. "he 
presence cf fuel at high pressure in the soring chamcer 
24 tcgemer with Tib acson a trie ssring 2S urges tne 
vaive needle *4 into engagement -mivi ns seating, the 

5 force aooiieo by the soring 26 and the force due to tne 
^Je^ pressure within the soring cnamoer 24 being 

. greater tnan the force urging tne varve neeole T4 away 
from ns seating aue to the presence cf fuei at hign pres- 
sure '/^nmin the core 12. 

;o [0O1 5] 'n order to commence injectjon. the actuator 72 
is energised resulting in movement cf the valve memoer 
52 against the action of the soring 73. Such movement 
of tne valve member 62 permits fuei to flow from the 
spnng cnamber 24 to the charrcer 64 and low pressure 

;5 reservoir. Such flow of ^Jel reduces the fuel pressure 
wrthin the chamber 24 thus the force urging the valve 
needle 1 4 towards its seating is reduced, runher, the 
fuel oressure within the tubular stop member 46 is 
reduced thus the force urging tne vaive member 40 into 

20 engagement with the seating 38 is reduced. As a result 
the vaive member 40 lifts from the seating 38 and 
nrtoves into engagement with tne frusto-conical seating 
48. .Additonajly. the valve needle 1 4 lifts from its seating 
thus permitting fuel to flow to the outlet openings 20. It 

25 wiil be appreciated that fuel is permitted to flow into the 
interior cf the stop memoer 46 through the orifice 50, 
but the rate of fuel flow through the orifice 50 is suifi- 
dentiy low to have negligible effect upon the operation 
of the injector during this phase of the operating cycie. 

30 [001 61 in order to terminate injection, the actuator 72 
is de-energized and the vaive merrtser 62 returns into 
engagement with its seating under the action of the 
spring 78. The rrxTvement of the valve memt>er 62 pre- 
vents further fuel from flowing to the low pressure reser- 

35 voir, anti the continued flow of fuel through the orifice 50 
at a low rate results in the fuel pressure within the tubu- 
lar stop member 46 and the soring chamber 24 increas- 
ing. As the fuel pressure within the tubular stop member 
46 increases, a point is reached beyond wNch the fuei 

40 pressure within the tubular stop memoer 46 is sufficient 
to cause the valve member 40 to move against the 
action of the fuel pressure in the part of the bora 32 
downstream of the seating 38 to move the valve mem- 
ber 40 into engagement with the seating 38. Qearty. 

45 once the vaive memt^er 40 engages the seating 38 the 
continued flow of fuel along the delivery passage 18 is 
restricted, continuing fuel injection reducing the fuel 
pressure within the bore 12. arxl also that fuel can flow 
into the tutxjiar member 46 tOMvards the spring chamber 

so 24 at an increased rate. 

[0017] The continued flow of fuel through the stop 
member 46 resuits in the fuel pressure within the spring 
chamber 24 increasing to a sufficient extent that the 
aaion of the fuel pressure within the spring chamber 24 

£5 in comt>ination with the action cf the spring 26 is suffi- 
cient to cause movement of the valve needle 1 4 against 
the action of the fuel pressure within the bore 12 to 
move the valve needle 1 4 into engagement with its seat- 
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ing. thus terminaong injection, it wil ce sooreaaied that 

the movement of the valve memLer ^ into engagement 

•ATitti the seating 28 has ihe effect of reouc:ng the suopiy 2. 

of tueJ to ^le bore 12, and in addition ailows the fuei 

pressure within the spring cnamoer 24 :c increase at a f 

greater rate than ^M3u^d othervsnse be the case oy reouc- 

ing the restriction to flow of fuel towarcs the spring 

chamber 24 at this stage m -ihe ooerating cycle of the 

injector. The vaive needle 14 thus moves :rrto engage* 

ment with its seating at a rate greater than would other- ;o 

wise be the case, and continued low rate injection just 3. 

prior to termination of injection is reduced. .As a result 

undesirable smoke emissions are reduced. 

[0018] After termination of injection, *^e continued 

flow of fuel at a low rate through the passage 44 and 

drilling 42 provided in the vaive member dO results in the 

fuel pressure within the bore 12 rising to the ievei 4. 

upstream of the valve member 40. 

{0019] As shown in Rgure 2. fuel is perrrritted to Mow 

at a restricted rate directly from the bore 32 through a 20 

restricted passage 84 to the spring chamber 24, this 

flow of fuel not being via the orifrce 50 and not being 

controlled by the delivery valve merrtDer 46. The provi- 3. 

sion of this restricted flow path ensures that, wnen the 

valve needle 1 4 occupies its fully lifted position in wnicn 25 

it engages the distance piece 22. the part of the vaive 

needle 14 still exposed to the fuel pressure within the 6. 

spring chamber 24 Is exposed to fuel at relatively high 

pressure, thus reducing the risk of the valve needle 14 

becoming stuck in its fully lifted position. m 

[0020] In the modification illustrated in t^tgure 3. the 7. 

delivery vaive member 40 is of spherical form arxJ. as in 

the arrangement of Figures 1 and 2. is engageabte with 

an upper seating 48 defined by the tubular stoo merrtser 

46, or with a seating 38 controlling fuel flow towards the 39 8. 

drilling 34. In this embodment the seating 38 is formed 

on an insert 88 located in the bore 32. in order to permit 

fuel to flow past the delivery valve at a restriaed rate 

when the valve member 40 engages the seating 38. one 

or more grooves 90 are conveniently provided in the ^ 

seating 38. 



ceiivery passage (1S) towarcs tne seating. 

A fuel injec»r as claimed :n Claim 1. wnerein the 
delivery valve cemtxises a vaive member (40) 
300perable with a first seating (38) to restrict fuel 
flow along the oelivery passage (18) and coopera- 
bie with a secorxi seating (46) to restrict fuel flow 
between the delivery passage (I8) and the control 
chamoer (24). 

A fuel injector as claimed in Claim 2. further com- 
prising ::y-pass means (42, -14) permitting fuel to 
flow atong the delivery passage (18) at a restricted 
rate wnen the valve member (40) engages the first 
seating (38). 

A fuel injector as claimed in Claim 2 or Claim 3. fur* 
ther comprising by-pass means (50) permitting fuel 
to flow to the control chamber (24) at a restricted 
rate when the valve member (40) engages the sec- 
ond seating (48). 

A fuel injector as claimed in Claim 3. wherein the 
by-pass means (42. 44) comprises passage means 
(42. 44) provided in the valve merrtser (40). 

A fuel injector as claimed in Claim 3. wherein the 
by-pass means comprises at least one groove <90) 
provided in the first sealing (38). 

A fuel injector as claimed in any one^pf Claims 2 to 

5. wherein the valve merrber (40) is of faisto-coni- 
cal form. 

A fuel ir^ector as claimed in any one of Claims 2 to 

6. wherein the valve member (40) is of spherical 
form. 



Claims 



1. A fuel injector comprising a vaive needle (14) 
engageable with a seating to control fuel flow from 
a delivery passage (18) to an outlet opening (20), a 
control chamber (24) communicating with the deliv- 
ery passage (18). the comrol chamber (24) being 
defined, in part by a surface associated with the 
valve needle (14) oriemated such that the applica- 
tion of fuel under pressure to the control chamber 
(24) applies a force to the valve needle (14) urging 
the valve needle (14) towards its seating, a control 
valve (62) controlling the fuel pressure within the 
control Chamber (24). and a delivery vaive (40. 46) 
responsive to the fuel pressure within the control 
chamber (24) to control the flow of fuel along the 
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